We studied dipeptidyl peptidase IV (DPP-IV, CD26) expression in different T helper cells and serum soluble DPP-IV/sCD26 levels in rheumatoid arthritis (RA) patients, correlated these with disease activity score (DAS), and examined how they were affected by different therapies, conventional or biological (anti-TNF, anti-CD20 and anti-IL6R or Ig-CTLA4). The percentage of CD4 + CD45R0 +
Introduction
Molecular biomarkers for earlier diagnosis of rheumatoid arthritis (RA), (achieving remission of the disease is possible if diagnosed in the early stages) [1, 2] , and predictors of response to therapies or follow up markers of disease progression or remission are in demand [3] . Diminished dipeptidyl peptidase IV (DPP-IV, soluble CD26) activity in both serum and synovial fluid of RA patients has been previously reported [4, 5] and we have also found a relationship between serum sCD26 levels and RA activity [6] (not all DPP-IV activity is ascribed to sCD26 [7] ). Other groups reported similar or contradictory results in RA and other rheumatic diseases including systemic lupus erythematosus (SLE) [8] [9] [10] .
Changes in DPP-IV/sCD26 levels were are also found in other diseases. Briefly, low levels of DPP-IV activity or soluble CD26 were observed in immuno-suppressed situations including some tumours; whereas high levels occur in other tumours, and infectious, inflammatory and liver diseases [11] . These qualitative or quantitative changes may be important in RA and possibly in the pathogenesis of other diseases, since DPP-IV as a result of its N-terminal X-Pro cleaving activity, regulates chemotactic responses to the inflammatory chemokines CCL, 3-5, 11 and 22, and CXCL, 2 and 9-12 [9] , including SDF-1 [12, 13] ; In addition, it regulates other biologically active peptides such as NPY and VIP, recently implicated in RA [14] .
DPP-IV (CD26) is expressed on the surface of both immune and non-immune cell types as well as the soluble molecule found in biological fluids such as serum [11, 12] In addition CD26 may participate in T cell activation [15] and cell infiltration of the arthritic joints through its non-enzymatic key roles in adhesion and invasion [16, 17] .
While in SLE patients the number of CD26 + T cells decreases and this reduction positively correlates with sCD26 levels [8] , others have reported the opposite behaviour in RA. It has been described [15] that patients with active disease display higher percentages of (mainly) CD4 + CD26 + T cells and higher CD26 surface density, whereas CD26 expression on synovial fluid T lymphocytes is low. Ellingsen et al [18] found that active chronic RA is characterized by enhanced CD26 density on both circulating monocytes and CD4 + T lymphocytes, although without significant correlation with disease activity index. Previous studies with small cohorts have shown effects of methotrexate (MTX) and anti-TNF-α antibody therapy (adalimumab) on CD26 density on monocytes and serum DPP-IV activity levels accompanied by improvements in the Disease Activity Score (DAS28) [18, 19] . CD4 + T helper cells comprise multiple subsets, representing different differentiation stages and activation levels; CD26 is differentially expressed in those subsets. The CD4 + CD45R0 + CD26high population, identified as effector Th1 lymphocytes, correlates with clinical severity in multiple sclerosis [20] . It has also been reported that Th17 cells express high levels of CD26 [21] , and Th17 as well as Th22 populations have been implicated in the pathogenesis of RA [14, 16] since their numbers were elevated in RA patients and the percentages of both cell populations correlated positively with disease activity [22] . In order to identify early events that can be targeted with preventive or therapeutic measures; we studied the levels of serum CD26 and DPP-IV activity and its correlation with CD26 cell surface expression in T helper subsets from RA patients, grouped according to the type of therapy: conventional or biological (using immunomodulating agents).
Patients and Methods

Study Design
One hundred and ten patients from the Rheumatology Service (Hospital Meixoeiro-CHUVI) were recruited in a cross-sectional case-control study. Patients fulfilled the American College of Rheumatology (ACR) criteria of 1987 [1] and were on various therapies, including biological therapies (BT). A group of 25 healthy donors (women, n = 6, men, n = 19; mean age was 44 years (range: 20-62) was also recruited.
de Investigación Clínica de Galicia, Xunta de Galicia, code 2010/298). Written informed consent was obtained from all participants.
Assessment of Disease Activity
Disease activity was assessed by the DAS-28 index, which takes into account the number of tender joints, swollen joints, erythrocyte sedimentation rate (ESR) and Patient Global Assessment (PGA) of disease activity, scored by a numeric rating scale (NRS 0-100). Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), haemoglobin and platelet concentration levels were also recorded as RA activity markers. All patients completed the HAQ (Stanford Health Assessment Questionnaire) [23] , which allows for self-reporting of disability measure.
Biological samples
For serum collection, peripheral venous blood extracted with BD SST II Advance tubes was allowed to clot at room temperature and centrifuged at 2,000 x g for 15 min. Serum was stored at -80°C until use. Blood cells were collected using TransFix Vacuum Blood Collection Tubes (Cytomark, Buckingham, UK) and stored at 4°C until use.
Flow Cytometry Analysis
For tetracolour flow cytometry determinations of CD26 expression on T cells, routine protocols have been used [24] . Peripheral blood mononuclear cells were stained with an optimized mix of anti-CD3/CD4/CD45R0/CD26 antibodies (20 L/10 6 cells (Immunostep, Salamanca, Spain) in PBS containing 1% BSA and 0.05% sodium azide (FACS buffer) and incubated at 4°C for 30 min. Subsets of CD4 T cells were classified according to their expression of CD26 (i.e., CD26high, considered Th1 cells) [20, 25] . Th17 or Th22 lineages are almost exclusively CCR6 + [14, 26] . Whereas Th22 cells express the additional chemokine receptors CCR4 and CCR10 [16, 27, 28] , Th17 cells express CD161 in addition to CCR4, [27] [28] [29] . Th17 and Th22 subsets were characterized by staining with combinations of anti-CD4-APC, anti-CD161-PE and anti-CD194 (CCR4)-PerCP-Cy5.5 (BD Pharmingen), anti-CD196 (CCR6)-FITC (eBioscience) and anti-CCR10-PE (R&D systems). The CD4 + CCR6 + CD161 + CCR4 -subset has been recently described as non TGF-β secreting Th17 cells [30] , in contrasts to Th17 CCR4 + cells, which secrete TGF-β; data for both of these populations together with data for the same both Th22 populations, were recorded. Cells were acquired using a Becton-Dickinson FACScalibur and analyzed with the Flowing software program (Perttu Terho, Turku Centre for Biotechnology, Finland, EU). Viability of cells was analysed by physical parameters of size / volume and morphological complexity.
Measurement of DPP-IV Enzyme Activity and Soluble CD26 Protein
Both techniques have been described previously [31, 32] . Briefly, DPP-IV activity was measured in 96-well culture plates using Gly-Pro-p-nitroanilide (0.2 mM, Sigma-Aldrich) as substrate in reaction mixtures (100 μL) containing serum samples (10 μL) and 50 mM Tris-HCl, pH 8.0 [25, 26] . After 15 min, the hydrolysis of the substrate was monitored at 405 nm wavelength using a BioRad Model 680 microplate reader. These results were standardized by a standard curve for p-nitroaniline (Sigma-Aldrich data sheet), detection limit 0.6 nmol, and the activity was expressed as IU L-1. All experiments were performed in duplicate unless otherwise specified. The sCD26 concentration was measured with the human DPPIV/CD26 DuoSet ELISA development System kit (RnD Systems) according to the manufacturer's instructions (the limit of detection specified is 20 pg/mL). Colorimetric quantification was performed with the same microplate reader at 450/540 nm.
Since previous studies with large cohorts [32, 33] have shown no statistically significant differences in both levels of sCD26 and DPP-IV activity according to gender or age, values for healthy controls and RA patients were therefore not matched for gender and age.
Statistical Analysis
All analyses were parametric. The ANOVA test was carried out to compare variables among the four groups of patients with or without biological therapies. The post-hoc Scheffé test was used for variables with homogeneous variances and the post-hoc Dunnett´s C test was used for variables without homogeneous variances. Dunnett´s t test was performed to compare each group with a control group, either the group without biological therapy or the healthy donor group. Student´s t-test was also used to compare variables between two groups. Statistical analyses were carried out using the SPSS version 21 software (SPSS, Chicago IL, USA).
Results
Demographic and clinical characteristics of RA patients
The 110 RA patients consisted of 82 women and 28 men. The mean age was 57 years (range: 24-78), which was not statistically different from healthy donors. Mean disease duration was 12 years (range: 0.5-41). Disease activity parameters and HAQ [23] , were recorded on the same day of blood sample collection, and are listed in Table 1 .
Patients were on different therapies and the cohort was divided into four groups according to the mechanism of action of the therapeutic: a) No biological therapies (BT) group: patients on Disease-Modifying Anti-Rheumatic Drugs (DMARDs; methotrexate and/or leflunomide); b) anti-TNF-α agents (adalimumab, etanercept, infliximab, golimumab, certolizumab); c) anti-CD20 mAb (rituximab), and d) anti-IL6R mAb (tocilizumab) or Ig-CTLA4 (abatacept). In this latter subgroup both therapies showed similar responses, so patients were grouped together (data not shown).
Cell surface CD26 in different naïve and effector/memory T cell populations in RA patients with different therapies
As expected [20] , most naïve CD4 + CD45RA cells are CD26 Percentages and surface CD26 levels of these four cell subsets were recorded for each patient (Table 2 ). Comparing the RA patient cohort as a whole (n = 91) to the healthy subjects (n = 11), a slightly higher percentage of experienced (CD45R0 + No BT (n = 21) Anti-TNFα BT (n = 47) Anti-CD20 BT (n = 10) Anti-IL6R/Ig-CTLA4 BT (n = 13) Similar comparisons were performed among the different groups of patients ( Table 2 ). The No BT group had the lowest percentages of CD45R0 -CD26 + and CD45R0 + CD26 -subsets and the higher percentages of CD26 ++ in comparison to healthy donors (Table 2 ). This group may resemble RA patients diagnosed before therapy [18] . Neither of the BT, at the moment of the measurements, was recovering all the values (frequencies of the subsets) of healthy controls and their effects were very different to each other: anti-IL-6R/anti-CTLA4 recovered most, and the worst results were seen for the anti-CD20 group (Table 2 , Fig 2 shows some data) . The total number of cells in each lymphocyte subset was also analyzed (Table 3) , and resulted in similar findings. Most remarkable, is that the number of CD26high (CD45R0 + CD26 ++ ) cells was the same in all four groups of patients. The anti-TNF and anti-CD20 groups had larger CD45R0 -CD26 + subsets, thereby contributing to the higher number of total CD4 + CD26 + cells (around a 40% more) in RA. However, both groups showed differences in the other subsets: the anti-TNF group had more CD45R0 + CD26 + cells, while the anti-CD20 group had less CD45R0 + CD26 -cells.
These changes cannot be ascribed to disease parameters, which are only slightly worse in the anti-CD20 group (Table 1) .
CD4 subsets defined by CD26 levels correlate with the DAS28 index and other disease activity variables
For the RA patient cohort as a whole, statistically significant correlations between the DAS28 index and the frequencies (and total number of cells, data not shown) of several T
Fig 2. Effect of different therapies on CD4
+ T cell subsets and cell surface CD26 levels. Frequencies of different CD4 + T cell populations defined by CD45R0 and CD26 expression, and CD26 levels (MFI) in those cell populations, were determined by flow cytometry in RA patients undergoing different therapies. Confidence interval can be found in Table 1 . Asterisks show statistically significant differences (p<0.05; Student's t-test). (Fig 3) . A similar analysis in each group of RA patients showed stronger (Fig 3) and additional correlations (data not shown). However, the CD45R0 + CD26 -subset did not correlate with the DAS28 index.
Additional results of correlations with the different components of the DAS28 index and with hemoglobin, hematocrit and the platelet count in each group of patients were found (data not shown). Many were different in each group of patients and could be linked to the physiological process of CD26 expression changes. To note, the CD45R0 + CD26 -population did correlate with some of these non-DAS variables (Fig 4A, Fig 4B shows correlations for other subsets).
Serum DPP-IV activity, sCD26 concentrations, and their correlations with the different CD4 subsets in the cohort of RA patients under different therapies
Serum DPP-IV activity was clearly lower in the RA patients when compared to healthy controls, however this reduction in enzyme activity did not correspond with a clear reduction in levels of sCD26 (Table 4 ). This reduction in DPP-IV activity is observed for all RA patients groups including the No BT group (milder cases) but a significant reduction in sCD26 is observed only for RA patients treated with anti-CD20 ( Table 4 ). The anti-TNF group showed higher activity levels than the other groups, as expected [21] , but still much lower than those from healthy donors. No correlation between serum DPP-IV activity or sCD26 levels and the DAS28 index or clinical and laboratory parameters for the different RA patients groups was found.
There was a significant correlation between both variables (r = 0.55, p< 0.001; Pearson) in the whole cohort, however results were different in each group: No correlation in the No BT group, r = 0.59, p< 0.001 the anti-TNF group, r = 0.79, p = 0.002 the anti-CD20 group, and near significance r = 0.50, p = 0.060 the anti-IL6R/CTLA-4 group. Since the different therapies clearly affect serum DPP-IV activity and to a lesser extent sCD26 levels, we studied whether these changes correlate with any of the T cell population measured in these patients. In the whole cohort, a statistically significant correlation was found between the frequency (and the total number, data not shown) of lymphocytes and both DPP-IV activity and sCD26 levels (r = 0.45, p = 0.001). Importantly, levels of sCD26 correlated with the number of CD45R0 + CD26 -cells, the population with the highest reduction seen in RA patients, as well as negatively with cell surface CD26 MFI in the CD45R0 -CD26 + population. In each of the different groups of patients, significant correlations were also observed for additional subsets (Fig 5 with the anti-CD20 group as example). However, no relation was found with the CD26high (CD26 ++ ) population. Th17 and Th22 cell subsets in RA Th17 and Th22 pro-inflammatory cells were measured in order to analyse whether the different therapies affected their distribution since it has been previously reported that CD45R0 + Th17 are CD26high [21] and Th22 cells are also CD45R0 + .
Using surface markers (see Methods and Fig 6) , a 0.65 ± 0.06% of the CD4 T cells were canonical Th17 (CD4 + CCR6 + CD161 + ) and 0.1 ± 0.05% were Th22 (CD4 + CCR6 + CCR10 + ) in our cohort of RA patients (Tables 5 and 6 ). These populations were studied for the first time in RA as split CCR4+ or CCR4-Th17 and Th22 subsets [30] . Correlations found between these as-defined populations confirmed the specificity of the subsets (data not shown). Interestingly, 
CD26
+ subset showed a negative correlation and the CD26high subset did not correlate. B) Correlations of the four cell subsets in two patients' groups. In the anti-TNF group some statistically significant correlations with Hb are shown for some T cell subsets (white bars). In the anti-CD20 group those cell populations show correlations with the platelet count (dark bars), generally in the opposite direction compared to the anti-TNF group. Non-significant correlations in the panels are shown only when the total cell number of the subset (instead of the percentage) was significant. the ratio between them quite variable among the different therapy groups (from 2.5 to 8-fold), a variation due to changes in the frequency (and number) of the CCR4 + cells (Table 5 ). In contrast among the Th22 cells, both CCR4 populations were quite similar in the No BT group, showing a dramatic increase the CCR4 -cells in the biological therapy groups (Table 6 ). Correlations with variables of RA disease confirmed the relationship of these four Th17 and Th22 subsets with RA (data not shown); however, no correlations with the DAS28 index were found.
Correlations among Th17 and Th22 cells and the different CD4 subsets and serum DPP-IV/CD26
Although CD26 expression levels in different CD4 T cell subsets cannot be ascribed to either Th17 or Th22 cell populations, an important finding contributing to the knowledge of these populations was that only the Th17CCR4 -, but not the Th17CCR4 + cell subset, is CD26 ++ , similar to Th1 cells (Fig 7, and flow cytometry data not shown) . Table 4 . Dipeptidyl peptidase 4 (DPP-IV) enzymatic activity levels and sCD26 concentration in serum of RA patients and healthy donors. Patients were additionally grouped according to the kind of therapy. The relationship of serum and lymphocyte CD26 is further supported by the fact that the Th22 CCR4 + subset correlated positively with sCD26/DPP-IV levels (r = 0.85, p = 0.032 for the activity), mainly in the anti-IL6R/CTLA4 group where more cells of that subset were found (Table 5 ).
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Discussion
Although DPP-IV activity levels are decreased both in serum and synovial fluid of RA patients [11, 4, [6] [7] [8] [9] [10] and this decrease is known to be associated to disease activity [8, 10] , little is known about the events leading to this decrease, apart from the fact that RA patients display higher percentages of CD4 + CD26 + T cells and CD26 cell surface density [15, 18] , an opposite situation when compared to SLE patients [6] . In the present work, quantification of DPP-IV enzymatic activity and sCD26 in serum as well as quantification of CD26 on the cell surface of different CD4 T cell subsets has been studied in RA patients undergoing different treatments. The slightly higher percentages of experienced T cells (CD45R0 + ) as well as CD4 + CD26 + cells found in non-treated RA patients [15, 18] are similar to those found in patients under therapy for at least a year. Since CD26 has been defined as an activation marker for T cells, the common interpretation for this observation is that the inflammatory process leads to an upregulation of the CD26 expression [11, 15, 18] . Alternatively, this could be explained by an increment in the CD45R0 + CD26 ++ cell (CD26high) subset, mainly pro-inflammatory effector Th1 lymphocytes [20, 24, 25] . In fact, this CD26 ++ subset correlates with the clinical severity of another autoimmune disease, multiple sclerosis [20, 34] . We found, however, that the major difference in RA patients was the decrease of the CD4 + CD45R0 + CD26 -population, which can explain the increment of CD4 + CD26 + cells on their own. For example, the anti-CD20 group Table 5 . Percentages and total number of different CD4 T subsets gated according to the CCR6, CCR4 and CD161 staining. Patients were grouped according to the kind of therapy.
No BT (n = 10) Anti-TNFα BT (n = 34) Anti-CD20 BT (n = 9) Anti-IL6R/Ig-CTLA4 BT (n = 12) showed the higher diminution in the frequency of these cells accompanied with the higher percentage of CD26 + cells.
In fact, none of the therapies lead to the recovery of normal numbers of CD45R0 + CD26 -cells. However, therapies were recovering other subsets; for example, while the No BT group, a group similar to RA patients without therapy [18] showed the highest percentages of CD26 ++ cells, a normalized frequency of CD26 ++ cells was found in the anti-IL6R/Ig-CTLA4 subset.
Equally, examining the density of CD26 on the T cell surface, it shows that the effect of each therapy was different. Reduction in CD45 + CD26 -cells is a new pathway to be investigated in the early diagnosis of RA since it is a very complex population that includes central memory T cells (Tcm), regulatory T cells (Tregs) and others [20] . Although, baseline levels of the CD45R0
were not recovered with any of the therapies at the time of sampling, a correlation with hemoglobin levels was observed in the anti-IL-6R group. IL-6, together with TNF-α [35] , is an inflammatory cytokine critically involved in chronic disease´anemia, the major reason for the low hemoglobin levels in RA patients. In fact, it has been recently reported that hemoglobin levels increase after biologic therapies, mainly with anti-IL-6R [35] , indicating that anti-IL6R therapy could lead to the recovery of this population. The importance of the CD26high (++) subset, mostly Th1, in RA is highlighted by the strong correlation (similar to CRP, data not shown) between both the frequency and CD26 surface density with DAS28, particularly in the No BT group of patients. However, from a diagnostic point of view, this CD26high population also correlates with severity score in other autoimmune diseases such as multiple sclerosis [20, 34] . It is important to note that biological therapy in RA, which is not used in MS patients, (mainly anti-IL6R, Ig-CTLA4 and anti-CD20, but not Table 6 . Percentages and total number of different CD4 T subsets gated according to the CCR6, CCR4 and CCR10 staining. Patients were grouped according to the kind of therapy.
No BT (n = 4) Anti-TNFα BT (n = 33) Anti-CD20 BT (n = 5) Anti-IL6R/Ig-CTLA4 BT (n = 7) anti-TNF) modulates this population. However, the CD26 ++ subset was not the only one, the R0 -CD26 + subset correlated stronger with DAS28.
Two possible mechanisms of action of the different therapies on the Th1 subset can be inferred from this data: a) a down-regulation of CD26 in the Th1 subset (more R0 + CD26 + , intermediate, cells), and/or b) blocking of an early event of the T cell activation or, alternatively, a loss of the CD45R0 isoform (more R0 -/low CD26 + cells), as it has been previously described for some central or effector memory populations [36] . The first mechanism showed stronger correlation with clinical data such as PGA, ESR and platelet count whereas the second correlated with joint damage, CRP and negatively correlated with ESR or hemoglobin. These are different features of the inflammatory process [23, 27, 28, 35, 37] hence it can be inferred that these data are physiologically relevant. The results of Th17/Th22 cells are important. First, the methodological approach using several markers to define these lineages [21, 22, [26] [27] [28] may be a better reflection of the in vivo situation than the ex vivo approach [20, 21, [26] [27] [28] . Secondly, recently two Th17 subsets, have been described, the standard CD4 + CCR6 + CD161 + CCR4 + and the new Th17CCR4 -cells [30] . We also analysed the Th22 subset in RA using a similar approach since a Th22CCR4 -population was suspected [38] . We show for the first time the involvement of these four subsets in RA. We found a much higher Th17/Th22 ratio, in contrast t to previous results [21] , even when only the CCR4 + populations were studied (ratio = 4). Canonical Th17 and Th22 populations did not correlate with DAS28, contrary to reported data [22] . This discrepancy could be related to either the larger cohort studied in the present study, to the more aggressive disease in patients described in that study (DAS28 = 5.2), or the fact that these patients did not receive immunosuppressive or immunomodulatory drugs for at least 2 months prior to sampling compared to patients in the present work. If this is the case, then the CD26 subsets are more related to RA activity, since they still correlated with DAS in the same conditions. Th17 and Th22 cell populations were related to RA in the present work mainly because all biological therapies, in particular anti-IL-6R/Ig-CTLA4, changed their number and ratio. Interestingly, the Th17CCR4 -subset but not the TGF-β-secreting Th17CCR4 + [30] , is included in the CD26 ++ population together with Th1 cells [21] . TGF-β can down-regulate CD26/DPPIV expression on T cells, mainly on Th1 [39] , suggesting an autocrine loop acting on the Th17CCR4 + subset. The same authors showed that IL-6 has no effect on CD26 expres- We also investigated the behaviour of serum sCD26 and DPP-IV [4, 5, 8, 9] . Their levels were very low, particularly for DPP-IV enzymatic activity, in the No BT group. Both biomarkers significantly correlated in the whole cohort, however they did not correlate in the No BT group, while in the anti-CD20 group the correlation was quite strong. Similarly, while in the anti-TNF group sCD26 levels recovered, confirming previous reports [19] , the enzymatic activity did not, and anti-CD20 partially restored the activity but not the sCD26 levels. These results point to a factor distinct to the protein concentration but related to the enzymatic activity in RA. This has been previously shown for other diseases [11, 40] and attempts to explain it have been reported [8, 9, 40] . In addition, correlation data confirmed that a very important fraction of the soluble CD26 originates from lymphocytes, supporting previous hypotheses [11] . Since DPP-IV has been implicated in chemotaxis [15, 41] , these data open new clues to study its role in RA or other diseases' biological history.
Conclusion
The CD26 expression levels on several T helper populations can provide clues to identify biomarkers for earlier stages of RA. Also, independent CCR4 + and CCR4 -Th17 and Th22 subsets were identified in RA. All these subsets were affected in distinct ways by therapies. A follow-up of the evolution of these parameters in a further longitudinal study will give us more data.
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